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Abstract 

The present invention relates to a voltage controlled 
optical attenuator and a fabrication method thereof. 

The voltage controlled optical attenuator of the 
invention includes a pair of means attached to one end of 
two optical cables, respectively, for forming parallel 
optical links, an attenuation filter inserted between the 
parallel optical links to attenuate light passing between 
the optical cables, a driving mechanism for transporting 
the attenuation filter and means for controlling the 
driving mechanism according to a preset value to adjust the 
level of attenuation of light that passes between the 
optical cables. 

As a result, when a preset value is not identical with 
a measured value, the voltage controlled optical attenuator 
of the invention can maintain optical output at the preset 
value by automatically transporting the attenuation filter 
located between two optical collimators with a motor. 
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B ^38 Dm »a±P I (Voltage controlled optiacal attenuator) ^ 3 X||£gtg|OII 20|Ch 

sjsioi bjiioib aioib sawfe mm s&mzw 9ie a±iBaa, b^beia oib»3i ab oi^i^s* bbboh oi^ji^a ^ichsf 
oi b^iioib aioib m^o\^ ms\ &±\mm 5§8ffe b±i« xiioi^&b sbbcl 



CEr^Aj B BBN OQE S3£38 BB43lt= «SKj» MBOI CtB B90I £r MEICHIOIEI A r 0|0|| flflfi B4BEIB OI 

CHH£ 

£2 

A«O!0| 

BBS. 3r£ BB4. £9 
9AII/H 

EE 18 B ABM CEfE 2rB BB±PI2| 3>H^M SEAIB 3H§*£. 

£ 2b b iraoi me a^ss sa^i^isi =?&m eaib »ot£. 

£ 38 a ABB CTJE b±ihoisb2I EAIB M^£. 

£4c s aboii roe* aiiwioiassi cpu^ 4^of^ mxtm eaib °m£, 

£ 5b B A30II 0>af PC^f 4>Sohb ^xfM EAIB 

£6c ? ABOII mSf B2J±ISBB El^orb H tFB EAIB £:Ai£, 

£ 78 B ABOII [Ti£f BM^IOIlOIEiB 2§o^l «B 12§s£l«£| E0, 

£ 88 B ABOII 0>£h XIIS3 ^?3S^2| A*A|E, 

£ 9b B ABOII WE &±\mE\2l =?^m EAIB 

£ 108 B ASOii [TJEf B4BEIB 2B»3I «B iSi^^J £3, 

£ 118 a aboii due bb^iebsj ^be, 

£ 12b S ABOII OUE or^S LHB8 EAIB ES, 
£ 138 B ABOil CTiE 6r¥S 2IB8 EAIB EE. 
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* £^21 ^fi^feOil CUB ¥£21 

1 02a. 102b:^3|| Ol gooo 104a, 104b: 9§£I01|OI6J 

106: £J±IHEI°°°°201: 

204a,204b: 931^Ei°<>°206: ?1^E1 

210: ^±1X11012 §oooo220: 9U±I2§ 

221: 8^S 2J&oooo222: 6^S LHB 

223: 0l^^l^oooo224: 2E1 

225: gEiH§M^oooo226: S3I0J 

227: A*HM°oooo228: MSilOl^ 



#A«B 

^soi *?s*fe 31* ^ n ^0*21 §eH3i^ 

B ^§8 9£J±I3| (Optical. Attenuator)0|| 2*B CH^ #A||3*3ilfe 3*E 9U±J3 I (Voltage controlled optiacal attenuator) 

zi *ii£^soii as 2oi a. 

^^o§, iSil^lfe £l«»9£]s2| ^jpig £f4jA|9|fe ^KS or*z ^IfeiQI. 3r£ 9«:tt3lfe: 231*1 9Ei=r 3l3}^o] »£J£2| ^ 

2I¥0||/H ^^6H S 4* «fe B9A|3I« »BQ. OIHB 9i*:fcl3l*=: 9A|^|y SEi= 9±*r2] 9AII3I0II CUB AIM 01 AiVEl WSS 
»OS(WDM)AI^H«| 0IB3IWXI ^ U^il ArgSIIQ 9JLQ. WDM3IB2I »a*aO||/Hfe 0*4*21 U30I OW2\S\0\ S^SHS 2| Hf 

§g 9 AH 71 ■ ^3 2SI8MI $?Xltf 2ife Gil, 2* Qf§g£ ±Xf2] §^ % £^ SOI Cfso^ 9gJ±l3l8 01 § of 01 

01 II W9.D\ 91Q. SEB 9£4»£JA|^80IU 9e3tlA|^|jJ2| 4£JB0||AI£ 2J«*92| A||3|g ^^orfe Gl ArgSCh 

Oia» »3£Plfe Sf8»*!MI Q}» 3H = 0m(Ge)j» »¥QI&(AI)0I »«S0|| £S9 £f±l9£JS?M 0I8B H§ EilOIIH ^EH^ 8 

* S^EI I229^4J3I2I, Oil Oi ^ (air gap)M 0I8B 2§ S*B 3^ 92J±J3|2K ^±1S|S|0|| 2|B ^2J S42I- ttBB 0I8B o29 *S 3h£ 
92J±l3l2f, 3H§ % ££*£XFM Ol§o>01 £!2| /OB £§of^ ^B lrU:fcl3|£ 

□hoi #31 Dm 9a±i3i mouM oiicH^e oig^ Dm 9^£i3ife b^se^^eibj 9£J^b aeen^ 4>£jsfe s^oii Afgsim, 01 g 
^ aaa^oi »«goi s^s^ioii bafboi air ^*jb 031^ 21a. seb ^soii sib §y2j est oisb 9Sr±i3i2i a?, e9£^' 
01 qh¥ b mmmo\ 210. aaswoii 21B a 40 21 g^fe S2j s^m oisb ^2§ai sjsi z.^ ^ e^^^'oi ^ck 

s s^oii 2J6H ^±iai^e xfe^M s§sr ^ as, ^±i^&ie oisb s^ss B^4j^i8 ^isofecii 3 ^^01 s^a. 

SEtt. B V8SI OB ^^l£f PJH S^4J^I8 Hl^ohfe ^IS^^M ^ISShfe 51 01 CI. 



^^I2f &^oPI ?16hOj B ^92J ^^H2j 991I0IM ^E+dl 2|2| ¥^£|0i ill H3I S^Sfe B #21 9113 H£ 

4^E+: ^r^l gS§ HB MOIOII ^EI£|Oi ^>0| 9211018 AfOlg iHlofb Si ^4JA|9I^I «S ^ilHEf; ^^1 ^iEll 01^6^1 9IB 01^ 

4^e; ^ ^s^oii oaf oi^^&e hi oioi-oi ^9i m3\\o\m Mo\m m^o\^ 921 a±i^8 ^i*s^ &±\& x\o\^&m sbs^ ^§ 

s§2§ BP, 

^Ol 21 &«6PI ?ISKM B ^92| *J|££rB£, B#2j 9^^1011019© S^SFfe B^I; #31 S^S 9P£IO||OI&e ^ 

dlHOil ^Di^o^ ^SorOI §331 ^^or^ B^ll: ^±1^1 ^2] ^JOil^h 3ie#2| 9\X\ Oil CEfdf ^§5j2g e^r &^8*£^ 

^ P| Eh ?j Oil a±|fitQ|8 ga^oh^ B3U; #31 Zldf^: D\&9\W\ D§2J ?^A| e^o^ B3tl; #31 ^4JSfQ|3f ^^Ah ^^01 □ 

31 ^EiHSM^OII HSom. LHBOH SU6*0I ^Cntl §&o^ E+3II; * #31 o^S 9H32J or^S 2JB8 5116* 



Olof, ££g 8£8»0I B B82J W8ZIB MAIOBB » All 81 ^S6*3I^ BO. 

B B80II fU£* aa«»fi*8 0I8B 3^ 9^^l3|fe £ 1 CHI £AI9 tir2* 90I 9^^ 3ilOIM(0|o* ZhBol 93i|0IM0|£f »:l02a.102b)B §9 
orOI □ ^Beoil ¥2s v £l$r B »2| 9 8BI Oil 01 Ei (Collimator: 104a, 104b) 2* 9^ BIOll 01 9(1 04a. 104b) AJOIM #SJ£I^ 3£IBEI(106)£ 01 
¥OI£ia. ^. B ^SOil mm Dm 9^4J3|fe ¥^H2J 9«^(102a,102b) AhOI Oil 9§E| Oil 0! 9(104a.104b)M 0188^01 91138 ?«B ^ 
9H3 A^OIOII ^±1^61(106)© tfSB 3IB^?5^ ^#£IW, 01 (U 91i32J ^?#^ 3^ 9i, v ±l3|2J S3I #gj^^g OH^ ififi 
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uan-j^Hsi a s a oil oi ad 04a. 1 04b) s s^bi 3ie^£i o\t= j\m aaa^isi ss§ x*e»±i3K oiioia2j 

g^XI^^, 2JaSEI gJ£J0l 5UP. OI^^£l £5*31- 3*^§* ?§i Ol§oh01 S^dJCHIOlEi §3 A\0\91 X* 

&&22MI 4^£lb £>§?2j £5*8 ^CH &£IA|9|fe Sldll 531 ^±1^01 §§01 &2U 014: &±I§J £51 3F 0\mJ2 B^^^Ol 

3P Oil 01 Ei 21 §^ g^XI^^!^ e>» Oil 01 EiM 3JSAIt,'22AM ^S£lfe lil &±IAI3lfeQI. =?^D\ B£o\W 53| 

±wtm d\x\u sis^oii mm &±\&o\ <yg^oixi mstn. m% s^sj 1**12*011 am OH*? 5h u±i^2i 01 ^ o\mo. 

S WBOII 3§£lb 34BHB 0|§e> «i£b'±Xf2J &±\ B £1(106)21 £|«0|| Dm &&±*D\9\ ^&M0l *£8* 

fc d*2l i*0| ^^9122 rp^ @ B*m<ite AtOIOII &EIS01 0l±:Hai2 Oiefi 4* 2*201, 31© 91 2J B*Q|- ^2ffl3* §3tf5|2g ^2 

3ii gstsioi &g22 21m ¥3>6^ <yg^22 »^aib 4= aip. 

2 18 Sr26*S. £1011 Ol El (104a, 104b) AfOIOil »±lfia(106)te S*£l (glass) 3ie 9I0II S2I 2J44B g*29lfe B±I«W0I 0*8H 

gfog g^f = S 3|| g S[ £|0| 2JP. ffldfAl 2*±IBa(106)3* ^2 01 Oil CTJ£* 8» 1*±I§?0I g3*8*3ll £112, 0*2112 0I££JE &CHS 2J±li? 

01 gCH^CI. = . B±lfla(106)B ^o* g[H2£ ^^61 0ieA|^22AH gjo*fe £M 4* 5UP. 

£ 2^ s ire on a>e 3*g »&Ai5i2i =?&m eaib :>h^2oip. s irssi s^ss 3*s sa±pife 331 B±i3a ggs* 

pi «» S3¥{200». ^§¥(201)21 gs&oii crje* ss±iss(220)2i 2±i»s xiich8*3I 91 b 2*±i«ioisb(210). &4j»ioieg(2io)2i hi 

OH Oil CCJ-af §6HS 9Bh3 B£l3lteB ^Soffe Slhfcl 28(220)2 ^SCf. 

S STB SI AIOOOU/H g§¥(201)*= JH21g S?*a(PC)2 ?^£J3. 2J±i*IIO12M(210)fe ^ir6*£r d^2> U0| B3il 2M(220)2| t^il 
«9B ^ ^SStjIf U|jil»0t /dS CI§S ^^^01 ^SStOI £l£^ ^IOi<MsM e^e^p. 

Si,^2§(220)g ^^H2j ^M£|OiiOlEI(104a,104b) AhOICHI ^4JBEI(106)^ ^?>E^ 301 ^±I^EI(106)^ OI^P|^P(223)0il 2] 

oH aB£IO||0|EI(104a.104b) MOIM »8(S 0l^6f£^ £101 5HCK S ^SSI MAIOUOII/H Ol^^l^Pfe 2EH(224)2f ^ilH£l(106)M 
«B 1!6I2§^^(E112| 225), 2EH(224)2J SlS^eoil 215H W EIUS g^(225)^ *»»2S Ol^oPI «B MHM(227) a^lCH(226)S 
Ol^OI^D. SEI(224)^ §^HIO^P^ P^SfSE^ 2EH(step motor)^ £JCH ^^IXII0ieS(210)2| *IIOI<M£01I A^e( 

227)M SJSAI^ SPIOI(226)0il 2|5H »±l H 61(106)8 OlASCh 

Oia» Pl^^ei EEo^l ^ XI 6^1 ^I6H 2EI(224)2I MH^ (227)21 « EIUS M^(225)3f i^ili! El(106)fe oh^S LH»(222)0II 2|oH 

2§ XlXiaH, ^3H2l &g£IOilO|6l(104a,104b)fe £ 7 Oil £A|@ b^2f HEL| CHI 01 EH s^l^Oil 2|oH US 3 01 1^31 o^gx.o^ 

xizioni siotM, aa ^?§s s^s a»(22i)a ^cna&^as ^^sch o^usi ^3,^28(220)^ mgoi^m soi ^a. ziai^ a 

»±ISfi(220)S E ^eiDil 01 El (104a, 104b) CHI i^lOIMg S^o^l «B 23H2J »91 a| EH (204.204b) 21 eEI(224)0il 2PI^2i 6iS8 S»8^l 
¥IB 9H^Ei(206)^ 2l¥2f S^9C[. 01 OH i^|0IM(102a,102b)0| S^±IHM(220)S eJ^JSEJ^ ¥?101l^ ^ffil ^ ^lOIMM £aoPI ?loH ¥ 
^(boot)P^ ^xisa. 

s ^soii mm &ii^ioieg(2io)s £ 3 oil sais ^21 ^oi. »a±iss(220)si i^^e sua a ©pi m^i^m gj^^o^ c«¥^^ 

3 CHS i^of2 ^¥^ ^PlSfe ^5hM2H(21 1)21, ^3^^(211)2] SUS8 ^SI 3^1^21 6JsS ^^of^l «» SS#P!(212), §S 
8^1(212)21 fl» B^3I(213). ^^^1(213)2^ OFtfSH i^SI CIX|g<MS^ e»8F5l 9|8 O^SD-PXIB 

51(214). OhOIBM S^ea(215). 2EI ^§¥(216)^ ^PS£ia. 

£ 3g ^58^, &U±ieg(220)2| ^^^^ 8 3^ EH (Tap Coupler:211)^ SJ^SICH ^ 5% SSE21 ^<M^^|- 8^ 2 L| EH H s ^I6H 
3|(PD: 212)S ^^£1H, UCHXI 95% §221 £*<M^ ncHS ^AI^HOIU ^<y^£ S^SCf. OI2f aoi 8 ^Ba(211)fe 2UEH 

goPi g^^2j ^¥M s^isfe ^mm 4>&ma. 

^S#3|(Photo Detector: 212)^ InGaAs PIN SSaO|22^AH ^51 33132! dSS e^3|(213)^ OP AMP^ 0|*0ia S 

S^3|(212)3|- 8^ofe 014 WICHOil flfiB ^^2^2§ B48Ct. OHrfSn-PMB ^^31(214)^ e^3|(213)^¥EH SJ^9 

^#2^21 OfKDtiSl QXIB^SS B«»0. S ifSSI ^AIOIIOIIAI^ 12d|^ OhOIBSHMAIIAI Xl|0|3^ D\^m Oh^^D-CIXIB 

3i^ ?^£in, oh^^n <Ms2i eii^e oiei xi§s 3iseii^3i dinom 2^xfsi^ eii^e ^^moi 3 2^8 cixii qioiehs 

. U\Q\BS. e^M£i(CPU: 215)fe 2 40II 2AIS b^2f MRM XHBIofe OIEI LHSS 5^3^^ 4=^6^01 0t^S3-C|XIB ^^31(214) 

^¥H ej^g>s cixib Qioia(^ast)^ pc(2ods¥H <y£i bimofoi 2a =?m£±&.m Beiea. oiae o r oi3^ e^gaH(2i5) 

EEPROM 54S3h mgSIOI §SAI ^0112 LH¥2j ?25[ QIOiaM SStt 4^ 2i2^ 2J OH 2iCh 2a ^#¥(216)^ OhOIBS gii&l(215 

)^¥a ^<ys ^p§^±<m^8 vor ±a\& 2a(224)g =?ms\i\ mm ^mti^m 2a(224)^oii jgB«p. e vb^i baioioiai Mm&x= 

^EilS 2 a (stepping motor) fc CIXIB Se3|SA| filfi^E. SJS^E^ a ma ^^21 4^U e.^8011 HI 811 8^. 3|gA|2f BSTAISI 2 
322 2>§5jei e^s ^lohOl S§ 2a0ltHICe AhSofe 3^ 01 dUr^otCh 

^^a(PC:201)^ Dm B1M*3I»2| 321, »±l2tS| ^§ % g!9, »±l»2| H AIM 9\m AI§SCI. PC(20 

DOBAI ^311 Urfcl&s aOIB 4 s 2i3| OH ^ Oil Dm &&±\D\2\ Af§M ZteSMI »CM . 2 5011 2A|£j dh2f B& 8^8 4^^oh01 AlgXUl 

^±1^^ 2J^s> ^ ^61 tHil 3£2T8^ 01 i^il«|OI2§2| 0*0131 518^(215)011 S^oHI, 0*0132 e28eH(215) 

2¥E1 ^3^3|3f BBS ^^^<^^2| £jl^^ SBS>0I» HAIBO. H ^SS| ^A|0||0i|A|fe ^§¥(201)8 ^22| :H2i§ ^^a(PC)2 
8*a2U S SAI^DOIU S<y20ll ^^il 2!S8 S¥0llfe S^?IXIU 3^XH&. 3|£J^B § CfE ^§^B22 ^P^o*3. ^±\H\0\ 

SB(21O)O0 S»8*fe 301 WBS|8m. 

2 4b S BBOII 0>£f 2hfc|X||0|2§2| CPU3* ^^o*b 8^8 EAIB °i£0|2, £5^S BBOU CTi£f PC3* 4*S8K= ixli £A|» °g 
EOIO. 

2 48 S5o^, &31I 4010ilAi^ PC2¥a ^§^(&?l dBm)M fil^»3. B3II 4020||A|b ^SS3|(21 2)011 Ai OHrfSH-P 
XIB S^3|(214)0||A1 P X|g&22 ^§^(E+?i dBm)^ £J§^$=P. E+3tl 403011 Ai^ ^§^3} ^§2^8 dlIH6*01 mx\*m 

B3II 401¥a ^ XI 6* XI 8T2S &±iail!8 SB8^I «8»0| B30 4040i|Al 2a HICM§^8 4=Sei- ^, B3tl 402 ¥ a fiL^ShP, 2 

aXJIOiS^OIIAIfe ^SStOI «S»eP ^2B ^±IS8 ^0|3| $\?>\\ ^EIIS 2a(224)8 XllOlohOI U±IBa(106)3l- 8*»E1 0ISB3II 6m, 
a»a»OI ^S^SD as ^4Ja8 e3fA|3|3l ^8*0I ^EIIS 2a(224)8 MO\otO\ ^±l^a(106)3* ^^22 0IS£I3|| BP. 



2005/8/10 



3 



»»u \j i mew w.^.c 



£ #£ols' 5010il/H£r PC SiS&Oil g^^l^g 2UB8»3| 91B 5*301 C|^MeilO|£|3 E+*l 5020il/Hfe AJ8»^ EJ^S* 

^Oil/H g§!2*g B^BCK OICH m^o\&, 1MJXII0I2S2I OfOiaS ^egy(2i5)S S£SCK503.504). 

2 SB S ttBOD (He> i^^JSii XH3So r £r §i**M 5EAIB £/H£OICh 

S WaOII 0JE S^±J2§(220)^ £ 20ii £A|£j U\2k BOI. ¥^H2| Oil 0| Ei (104a, 104b) 2k »B3 Oil Ol EU 104a, 104b) B I1S8PI 91 B 

2§ bsbidiioiei Ahoioii ^gjQ^ &±ibekio6). a±iBEt(i06)B aa»?i «» iiEinsM^. ^Ei2§§^§ oi^spi 

91 B 01^91^(223), B 0l^9l^(223)g 3JEAI9PI 91© 2Ei(224). S99 U»(222). »?S 2I»(221) §2£ 0|ipOH£JCh 012} &0I 
£i*r £*ihfcl2a(220)2| 2| ¥§01 fl|2 B gSSFS a§nf BCh 

50H2I BB30IIOIE1B OlgoKW BSBB ?48K?I 9i8H. B*l 6010ilAi^ »B£I Oil Ol El ( 104a, 104b) ■ BBBCt. 

mms\ s^. 30121 sjsoi 4*6j ^a 4* jn oh^ ^m. 4= z^sj §^ bbxiss 4* cjbsj £^oi b«8pi ohsoii 

SBS8S feOPI 9l8HAl£r QH^ 9*tB 3^01 2?9a. ¥ 3H2J S^ol S^ohOI l^Sil feOPI 9I6HA1^ =P£ SIZE. 01? 

2 2!* SEb GRIN(GRadient INdex) Sl^M AhSB SS&I0IIOIEIB 0IS8W SI &m Bg&2*2| iOtoMI 81-01. 

en 4* 2!Cf. ^61, g£JS §§2S 5§iy SEH2I gilM ^51 2>£r GRINHJZEM 0I8B i*g£l OlIOIEiSJ 3^ St S 21 SI (D: working 

Distance)^ JH?4>(NA: Numerical Aperture) ^ CHi AH a SB 01 910\ D\S BB2I-2S AtSSCt. GRINS] 2S2J 3^ Ah&OII ©Sf 2£ffef 24X1 
oh ojy^o^ NAi = 0.4-0.701 H, *£WB 20 mradOIW. 9IU CI^H^ 0-60 mmiJ (Qj *'£0| 0.6-1 .3mm ^Ai g^Oil dloH E B 

4= SICK 

nam ^a s^dioiioiEisi s^oii sich OH*? oi^^pj g^ag ¥ ^mz\mo\E\ mz. mq\o\\ 9i^ssa »2i 33 pi 

Bfltt M£KI2 * 4= SIC*. Oiaasifi! §&52i0| Oft! ttfltt 4^ dl§^ ^»8^ft). 2|^S ££'3} ^xl^ 

0\Sk ^Ol §^0I Ol^OiXlPi, ^^^OilAi ^A}£|£r % Ol GRIN^l^S XI U 2f 0.5mm §£2| g^l^i S^^OI £101, 

GRINSI^Oil filAffi S!^ SS^£|Oil 9IXIS ^^^2j 30iO|| 3£iU 25HSI &M£|0ilO|EH^ ^P^£IOi S^or^il 9j 

§^o^ j|^A|5Mi= 5101 0H¥ Oi^^l (Di^Oil ^MdlOilOlEi^ ^P^@ ^11321 ^^31 ei§^2§ ^Xlo^l 9ioH/H^ 2§ 

^z\*m o\mo\o\ ^cHii&^os s^aioiioiEi ubi ?^ti- ^'s^^ 21a. 

B» 601 Oil AH iGiH^2S SMdl Dii 0| EH H31 ?loH/H^ PjxH gSf Ell Of g ¥IOil *^0| 2§£J0H ^M£IOilOIEi£f x.y.z ^ 

II S (Tilt) i^OI D\^m 5^ S XI A1LH (positioner) ^011 kOI ^^eiOilOIEiM ^S!^ SS^^IM MgofOI »S £?l ^^'^ 5>£^ 
iH3I §M£hCf. fiXIAiUM A^§& ^M£IOI|OIEi D32] SIB GRIN^il^2f ^^^2j ^01 Cf^ 0H5UCH£f£ OIM S9S ^ 2ier 5JS 
01 2iCf. 

OICH B^l 602011 Ai^ ^^£1 Oil 01 EH §31 okg^o^ o X | 6P | £ 70| | £Aj@ gjo §g£|0i|OIEHM 91^ I2§ m 

£I^M OlgohOI ^gdlCHIOIEHM 2§ g?£|«Ot! ^CHU^^o^ s?*tM21Q. ^. SXIAILiOil ^§£|0H ©g£IOi!0|EHS 2§ ^£|«2[ 

#CHljo^ ^&ehQ. OltOi. ^MdlOilOlEi^ 2§ ^£I^M ^Qitlof^l ?i6H 2^ ¥M2j SEXHBIM S£56K« iCHDi 91^ 0Hb|H}§e >i 

xi ^ aoi bn^ofa. Dam ^gaioiiom db^ &^^oi si^ej 9ixi^ sxiaimoii 2jsh i2§acn ai°u 2j¥ son 2j6H qh^ bjss^i 

ygofE^ #CH^e ^ioH ^Btt HH iifi^ SiD. 0121 ^01 »« ^1)32] Oil £ 8011 £A!E! M2k OldHeh SijBOilAi 

a^oj^^ gN^^ ot o.ldBOICf. 

s 7i ssofe, us ^aiH^ sesi greoii ssoi ^^^^ ch 2in, ysi eoio^i » 4* 21^21 nfyi 

gAfog sjcH 0121 1*01 gmz\ OilOIEiM 2§o^l 9ie_h 2§ #£IHM ^H^o^OI Ah8»2SW 21 SOD ^3 ^g5hfe gEH^^IOII d|6H 
yS8PI^ §0I6H2, ^51^01 Btf£lt= Si §01 SICK 

e^a. ^±I1E1(106)§ XllS ohfe &^ll 603 Oil Ai^ ?|§2§ Afg& 3Ef^(0il^CH, 0.5mm 3y Ar XIIS)M ^0|( 0H2JCH, ^ 12mm)^ ^Sh 
^31 §31 AH§e«o^ ABS» ^ lOOTCOilAi ^ 20^^ OHy B (annealing) K D (603). D£II2 »A|H|0*S| ih^^AI Af§9^ UHI(Ni)& 
99.99% 0|«2S oHJ. 10^§£ Oil ^ oh 01 i^il HIP)»a. 

gy2|2S, Sg<LI0il Ah§£|fe ^^§2J 9^ 1200-1 600 nm CH ^ Oil AH Ef§2J^^^0l ifiofD. W&M W&m ^4JA|9!fe ^Xf^ Atg£|i= 
^4Il6i(106)fe ^IB 9IOil S^2i ¥ DII Oil CLfdf H &^l^0l ^§£1^ ND(Netural Density)^ Ei^f A r g£J2, Ol^lOil Ah§£j^ 

SS(Rh). »»«(Pd). B^B(W). Utt(Ni). 3B(Cr). Ni-Cr SOI 9i2U B ^ v SSj ^AlOIIOllAi^ Utt(Ni)B AJBBO. 

BX\ 604011 Ai^ 2XfS gapi(E-beam evaporator) M OlgofOI 3E>± ^IB9i0il NI^Qie S«fBO. 01(01 SXfS e^^l SW2j ^ 
1.8x10" 5 torr^ &X\o\H, 3^8f^il B48PI 9I6H Sj^2j §S,^£1 931 8hCM, BS2S Ah g oh 01 3|&g ^ 70 0\ 

BS2 £ M1 S^AI2JQ. SEeh 31 B 91011 IS}£Jb ^4J«|°|2J ^MW §^^2^ **§kh\3\J\ $\o\0\ ±m 2EiM OlgorOI ^§^£( 

OOaCH, 0.01 mm/sec)^ M El (shutter) ■ 0ISAI3I3. Ol Oil WZk fllSfS 9 ±11! El 21 &±IS S9i3h 0-35 dB3h QJI BO. 2 Xh^(E-beam)21 
AIPIS ^Seh3il ^XlslOI L|^(Ni)2J S^£B 8S»3I SHI. M El (shutter) S 01 All 3^1 SS!B2SM| £ 9011 £AI9 d r 2f aoi *st2| ^ 

jHPh s^^o^ g^stfe ^±J^^e ziei^ 3i&^oii e^Ain 4 s siq. s^APieife nei^ 3iesi uois* ubio^oi aieh2j oi 

§i 3&§ol^ ^D2Ei2J M^^£2f. SXTSSI Ail 3 1 H ISH 4= °iCf. 

0121 ^01 Xil^& ^il^EH(106)^ 21^^01 »SWI CHoH ^3|^2i ^§ 3>2 °iCh 0196 3£f^2l S3|2>2J 3XBO0/e| B0| 

Ub BAfOII 2| B flH^ai-fiilS 2i^B^0il 3|PJ6h°S NiOl KCHBOII ¥BAI- 3§§ XI SI* Hfi^h »CK 

&3II 605011 Ai^ H^IIF OIDLHI^^ ^mEH(RF Magnetron sputter)M OlgShOI Zl^^ 3I&&0II ^VM HfOfg g«TAIBO. ¥^A| e|fifS DH 

ssi-iais s^oii 21 e ^3i5j9j Ufa 2j^^g a^t* s?Pi ome* oh^ ^^i^h q^psi^ i^ata ?«»ssiM a±ittEi xf 

X021 SOI ^Oi ^±I£1E!2| £D\ &±\&m ^^1 2?*§ BCf. ^^(903)^ 2 9011 £A|& dh2f ^0), 321^ 3l&(902)910il 

±97l+D\ D\2\ gi^ ^S«l BB(0iaa. TiO z , Si0 2 )^ ?^«S a§2S 8SBO. 2 9g &58^. B »82| ^AlOIIOilAl^ 

9ie(902)21 ^PiOil^ a±WOM901)0l ^^£IO| 2AH. 3ei^3ie(902)2i ElPiOil^ 5S2^ 9BAftW(903)0| S^SIOl 9XO. ¥SI 
AWa«903)8 3|&(902)2^¥E1 TiO 2 (904)#, SiO 2 (905)e. TiO 2 (904)#, SiO 2 (905)g. TiO 2 (904)#2^ SOH g3|^2^ B4901. *B 
A|«|°|2J 2| S2J ^3HI^ 3ie2S¥6l TiO 2 (904)S0l 307nm, SiQ 2 (905)^01 104nm, TiQ 2 (904)^01 39nm. SiO 2 (905)#0l 266nm, TiQ 2 
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% (90 
4)#0I 151nmOID aS^S =^9|S|2ffe g£| §*f0fl S=?£Jfe OllUXI^h 0H¥ 32. «W2| Bf9}^M2| XII 01 31 

geslES 2^11} D13UISS ^fflEKRF Magnetron Sputter)S Alg^a. H£I2 e*SI!£Al TiO z a SiOaM ^aiSf Ol^fe 8W U2| 2 
SOI ¥ SS3 §§1 d|31 0.66 §20131 QHS0II »S 9iaig4£ SJAlSa SKI S1351& 4= 2J3I CtH^OIQ. 0I» IfOI fl|3}@ 9£ 
gElfe Sf 0.5% 0I8J2I ^8 SfMii 3>&D. 

oi£* m\ iiaa a±iiJa3i m^s *oii ssaonoia aioioii »b zmmeim &2is\oi dh9IS»°sah u^£i2ss <oi 
sia 3ie? s^iiegsi nH9iss ai§§2oii coa ase 33is am 4= 21201. jiisoi i=ssi a? ^soi mo\m sisoi sta. & m 
ssi ^AioiioiiAife iansii£s ssaoiioia snag ^gsna. isa 8i?§2s »i^si3i ^hsh 2aa nauEP} mi oi;= si*? 
§ usa, 2a?i2na ssaoiioia sa ^ssoi ?ixi§i& si^§ 2i&°s ^ m&ai ass tQi!Si|og 2&e*a. oicch. 
8i¥§a asm uss 2¥ ^¥oi^ fflgom. 0)310)1 e2esioi av&aa sss s?xi 3f£^ aoi sta. 

&31I 606011 AH 2 10011 2AI@ tiiSi gaililgSJOII SA) fl|5f@ 3£1!EI(106)B 3dlH gEOSgSJSI Ul¥0llfc M5I21 

mm&rn m& aoi g§aoi sin. oi soii& aaeaa oiAna^is sa»?i ?i«h Aigafe a3icH3i g§aoi sia. e hoii 2ai 

a dia uoi gaiots^oiiAi east §&aa. 33ioite outlet nixia UAia. uah toa s^gfi sife u§^ssi xixicds =?&sio\ 

9111. aJSSS§ &81SS2S dl^CH ^0) gailgSSiOII 2§@ &±li!aM Ol^SrOI i*±lifg Sl&Q. 

2 11s S1S81B 20(224)011 S3§SH §I3|CH31 gSS A*HM(227)31 512813, A1HM(227)01I 6fgJS gai2§g^(225)g S3|CH(226) 
Oil a8H S-gftfES 0|§8131l SCI S gS3 £!A|OI10||A1 AlHg(227)a UOI& 2f 28mmOI2. a^&'a(106)a ^Olb e, 1 12mm£ AIHE2I 

vow iioia 2tiii3i g3i on son aaeaa ¥soi sssionoia ua aiois sastot a* 0-35 dB a a 910a a» § 
s*±i3i 01^01 so. 

nan iia2§MSi(225)a 3is a±msao6)fe na± g£i oigsioi nssfeoii. iaa ssaoiioia t!33i ej 8°3igej 2101 ?n»a 
asss sw§ 4= °i2s 2 ggfcf. oib ?i «h aanss^s 2 1001 2ais hi a aoi. gfiisas ^sspi ?i& ssi aisoi ef 8'ie 
3igoixi act. &±isa?i ssaoiioia sasi ^ 8°2i§ ^isii si' s^. as(^s)oi ^^a 4 «a. 

3311 6070||Alfe 9iAH «|Sta i^±lga ¥§§ 2 12011 2AIS bia SS 81¥S Ul»3h B3I 608CHIAH ftCHB»AiSS SSSfa. .B 

311 60901 Alb 2 13011 2AI@ ti\2k SI^S S|8j» 81¥S LHSS SHS B3II 610011 AH is CHS »6|25 S»»C*. 8^ §21 2IS31 LN 

ss 1&& an, $iAH Hisrs ssacmoia ga ?ig§ »iw sue * *aa»*!2s isso. 

B31I 61 1 0il AH & Otl^AI m^M mm SJgXHSB 0|§ol04 Sl^Sa £IBi ?Si a«»OI 81?§i SISD. 0| HB 2IS2I Ell¥£l 
¥S0II& SOI SaaOl 2101 ¥31 SS» OB SSfXIPr HI^BI 2I?£ §£1 y» 0I&^ SD\ 3= 21 S S II 81 Em a 01 9iCl. = 

2 130)1 EAia ma aoi asa ai^a ¥^chi& goi s^aoi 2122s 01 soil oii^ai s^hib xH^ian ^¥ xh^s. om^ai a 

WflPl 2I¥S Sfil 51 S Slltf 4 SICK £St II AlgSlXI 8tl! OII^AI S^SISB &►¥ ?3§ XHS 4 SIESS geHOll 

UI8H aaoi 8L1S2 2JCI. 

Oia ^01 8101 »aa2S(220)S ^ilHI012g(210)3r 9§aOI AlgXl^ g§¥(201)B g8H §§§ gggfES nasi S21Slfe 

mm^m sssD ^, Alexia pc(2od^ohah a^s ^ ^wsi ¥=e. a±uiioi2sa oioias sEia(2i5)s 
agga aa»ioiss(2io)2i a 3is£H(2n)fe ss±i2^(220)oiiai i^sib stisa i?i s^isioi ss#3i(2i2)s ag8i2, sa 

g3|(212)fe Stisf S3|2!2J a&«ta. g = 3l(213)b 33#3|(212)31 #^81fe OIAHIS SWilsi S^SlOl agf^SS #^812. 

Ol^SD QX|g ££0|(214)fe §^3l(213)a Ol^SH g^S PXI1S ^^8101 01013S 5MSa(215)S Sg£tCK 

010I3S =eS£H(215)fe 01^£3-C|X|g S^3l(214)£¥a 2^3 ^S^S g§V(201)£¥a dlHSlOl ^X|81B. ^XH 

Afeig °i|g^Ai &:>i ass Bh^ep. aa. ^satoi g§itea yes gf±ins sopi ?i8H 2a moiuss ^asioi 2a ?§¥(2 

16)S S8H 2a(224)S 2^8112. 01 Oil diet 2a (224) & AIHMS SISAI31 Sr^ Had 06)31 g EH H§ (225)g S±IS0I 

aia! = ag og oi^Aisia oi on coal 3011 ah g^^ss a^si^ii a 01 s#^oi s^isi^ii an. oien^ ass gsstai *satoi a 
»« ttHJixi e.^ si 3ii so. etas, ^g&oi ^satea sai^s s^iaopi as ass -hko. aasfs §3iai9i& e^s a 

il^S i?4iAI3lfe e^fUl S?CH£ 0l¥O15ia. 



BfS2| §3f 

oi^oiai age aia aoi s asoii asi^ss 3ie S2f±pife asatai ^sstoi as 3^011 ¥JHa m saoiioia aioioii <?\x\m 
s^^sag ea§ 01 s si 01 xie°s oisaidesmi i§^§ asstEs sxiais 4 sia. ^si s esoii cos 3ibj gs±i3i^ a? 0.4 d 
ea a± ai^va ^ 35 d Ba sich s?ioii 01 = 31^1x1 as a?ioii chsh as^°s s^iias si^ 4 sin. esas ^^s a» 0 

05 dB 0131 91 £13 2} 0.1dB 0I81S ?gg 4 2J2BI ¥H>A1 3g(MI a8H ^Al ^^01 SiSt^ a 21 31 SIP. 



(57) s^a a?i 

1. 

¥3HS1 S3IIO|g ^BCHI 2|2| ¥^301 SSI II3I SS8PI ?)& i§a 

^31 §3 AIOIOII ^ejaOl 6131 S3H0IS A10IS #3181^ S§ Sf4:|A|9|3| a±lfia: 

^31 ail H as 01^8131 0ls4B: * 

a sat on coa §-3i oi^^es jiichsioi &3i s^iioig aiois saisi^ sa a^i^s ^isife s±in m cm 4 as s»si& 21 ?s°s 

81 SSi3ESS 313 3SJ±l3l. 
2. 
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3911 SOIL 210\M*&1\ m&B gg^Bg » 4^21 Oil 01 El 2h &3| SgaiOilOIEiM flB ftaiHS Ol^OJS! ^§2§ 

xmsroii aom, uai/Eife ne*^ Pi&^ioii a^i^otoi gsraoi &3i g*±is*a*2j ^^i^i- 3ie&£i w& <yg^2 
^ §3^ u^sio*. &3i »a«m2i xhhoi u^i. as, ros*s. e cnin am oi^ej >ie ^S2g 8^ s^§s a 

4. 

JII1S0II SiOiAi, £J3| OI^^BB ^fUSeEHS*. 310131- S«£10i aiH 2 El Oil 2JSH SJ2£I^ A^H^2I, &3| MH§2} UAI- B&SIM &3I At 

H§2J SIS Oil OQBI ^^2S OI^QCN &3I &4JHE1B ^ i£i2§1^2S f§2S Sfe 

±1^1. 

5. 

»i4»oii atoi/d, &d\ bej^bb^s &&w&w usspi goi ggsoi an. mst m&o\ ±% 2*es ^isoia 
2s »t a^ss 3m bbaji. 

6. 

XI1 1» Oil ?JtO\M, &D\ »&±Plfe 

&3| Sa^B3l- &3| U±II!EI2t &3| 0|^4*E*0| LHB3I- a Sh^SOll Ui^SJOi 8H42J 2g£ 6*31 S^S 21»2| 

Ollfe mz>Mm BMAI3PI flB 801 i*££J01 £31 2]»0|| BBB tffl B^SI^ 2I¥^ *BSfe »X|8t£« S 3 

7. 

XII190ii SiOi/H. &3| B±|gf XJIOi^B^ 2J^3| «» S¥2K #31 98384 ^EHHIAI B§3£lfe ^ g<M 

II S3|8fe 83183*. 4tl\ B3JBH^ BHWfe SUEIB ^11 23I32J 61^ ¥IB S2#3|2f, £?| £>2^3|2] 

s^spi e^3isf. &3i e^3i£i on#sn axi8£ ass^i onrfsn-axia E&3I2*. #31 gs^g eeH s§«a g§ 
&m ^31 owsn-cixis e^sh^ ^s^ v uf bimshoi spuioi^^M mcH^sh &31 Jiioi^si s^oii seh ?mti 

JII7&0II 2iCH Ai r ^31 PC2I 5!M ^S2S offe 3m 3^±I3|. 

S^PS 9. 

JH7S0II 9JiO\M, ^31 «|Oi^^ EEPROMM UIS8KM SSAI QIOIEig ^ 0^013^ e^S£iei 5!S ^§25 ofe Sg^5§g 3h 

a aa±i3i. 
10. 

BB2I ^eaiDIIOIEiM §^5fe &3||; 

^31 SeaiOilOIEiS iiaa HS^BI^Oll ^CHijo^ H^B\0\ agBg ^^Sfe &3tl; 

^^mo|oj 3ie^£i mX\0U CCfei dS^!2S g3h 2J:£:o>£Es °bj A[ o|o|0| hhi^ pi^oj El ^ CHI ^±i^s^§ e 

E+3II; 

^31 3|©S §9H§M^0|| 28»2, 5^3 Ui&OII ^D8K)j ^CH§ g&8fe B3II; * 

^3i m^nf saasf s^s 2i»e sumoi #cn§j s&s^ &3ns ssefb ^§2£ 3m s^±i3i ui2sys. 
11. 

hioboi 2ioi/d. ^31 armors B*r»fc b^i^ awttB^iB oismoi aieim oisai^ibai ubb B«f»fc 5§ ^s^s 3m 

S^S 12. 

si 109011 acH/H, ^r3i ne}± imm mansm^ow asm on . ^3i dei^ 3ies ^3i sgia2j ssaoii c«6H ^^q^^eh ^ 8°s£ 3i 
goi ^s^^ 3m a^±i3i ui>e^^. 

see 
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